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The event of a natural disaster, and being directly affected by it, brings a large shock to life-cycle outcomes. In addition to the replacement effects of higher fertility following a disaster that caused high mortality, a positive fertility response may be induced as children can be used to supplement household income. This paper analyzes three high mortality earthquakes: Gujarat, India, in This paper-a product of the Global Facility for Disaster Reduction and Recovery Unit, Sustainable Development Network Vice Presidency-is part of a larger effort in the network to disseminate the emerging findings of the forth coming joint World Bank-UN Assessment of the Economics of Disaster Risk Reduction. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The team leader-Apurva Sanghi-can be contacted at asanghi@worldbank. org, and the author of this paper at jfinlay@hsph.harvard.edu.
2001; North-West Frontier, Pakistan, in 2005; and Izmit, Turkey, in 1999 . There is evidence of a positive fertility response to exposure to these large-scale natural disasters in addition to the response to child mortality. The results in this study are consistent with those of other studies that also find a positive fertility response following exposure to a disaster.
Introduction
The event of a natural disaster can cause large-scale losses to a household. As a result of a natural disaster, households may experience a loss of income, assets, or life. In societies where formal insurance mechanisms are not available, and children have the ability to work to supplement household income, and we may expect that the event of a natural disaster will have a positive effect on fertility. In this paper, I analyze the effect exposure to a natural disaster has on the number of children born into a household.
In a developing country context, children are used to assist the household in smoothing consumption over time (Guarcello, Mealli and Rosati 2002) . A fertility response to a large-scale disaster can be motivated by the household's need to use children as a mechanism to compensate for income and asset loss as a result of the disaster. Children can earn income to supplement the support provided by the main income earner of the household, they can provide care for young siblings enabling the parents to participate in the work force, and they can provide care to their old-age parents. Following the experience of a large-scale disaster, households may have the incentive to increase the number of children. A positive fertility response, in addition to the child mortality response, can indicate that these families utilize children to supplement diminished income and asset wealth.
Children can be used as a form of insurance. In a risky environment, where there is a degree of uncertainty over the household's consumption stream, the risk of income loss is insured by having additional children who may be able to support the family when income and consumption needs are compromised. This use of children is in response to risk and uncertainty. Children are used as an insurance mechanism and the decision to have extra children is based on the probability of a catastrophic event occurring and potential loss of income, assets and life. In this paper, however, the fertility response is a response to a shock. Thus the decision for extra children is ex post rather than ex ante in the case where children are used as insurance. Children can be used to smooth consumption over time in response to risk, in which case the decision to have children will come before the event of a disaster (if it occurs at all). Children can also be used to smooth consumption over time in response to a shock, in which case the decision to have children will come after the event of a disaster.
In the demography literature there are insurance and replacement effects in response to child mortality (Schultz 1997) . The insurance mechanism is such that households who live in an environment where the risk of child mortality is high will insure against the probability loss of a child by having more children than desired. The replacement effect is an ex post response:
following the death of a child another child is born to replace the one who was lost. This of course, relies on the mother being in her fertile years when the loss of the child occurs. The event of a large-scale natural disaster means that among those killed will be children. This shock to human life may induce the replacement effects. In response to an unanticipated natural disaster, fertility will increase due to the replacement effects. In this study, if children are also used as an instrument to smooth household income and consumption over time, we would expect there to be a fertility response in excess of the replacement effects.
The aim of this study is to use the cases of three large-scale natural disasters to test the hypothesis of a positive fertility response that is additional to the child mortality response. In this The paper is structured as follows. In the next section background information regarding the previous findings, the conceptual framework, and facts of the earthquakes are given. In section three the data are discussed. In section four the identification strategy is outlined and the estimated model, results and robustness checks are given. In section five, discussion and conclusions are offered. Tables are presented at the back of the paper.
Background
The three countries chosen for this case study are chosen for the practical analytical reason of data availability and the scale of the disaster in terms of the number of people killed. The 4 behavioral response to natural disasters is not a new field of study, although it is seldom explored due to the lack of suitable data. In this study, the focus is on the use of children as a form of insurance to smooth life-cycle outcomes over the long term. In this section, clarification over the framework of this analysis is given; differentiating risks from shocks, and the distinction between fertility response to risks, shocks, and mortality.
Previous Findings

Disasters: Risks and Shocks
Disasters can occur with variation over type, magnitude and location. Often in the study of natural disasters, it is assumed that disasters occur with some degree of anticipation and thus pose risk and uncertainty over future outcomes. Volcanic activity, earthquakes and tsunamis occur along fault lines, bushfires occur in forested areas, floods occur along rivers, and hurricanes occur in the tropics. The elements of a disaster that are random, however, are the exact epicenter of the disaster zone and the magnitude of the event. While households may be able to prepare for small anticipated or seasonal disasters, for example annual flooding levels near the average seasonal mean, large-scale disasters that strike without warning make affected individuals' unprepared for the force that is upon them.
Thus a natural disaster has two elements to it: risk and shock. This risk is associated with your understanding of the probability of a disaster occurring and one would adjust life cycle decisions according to the exposure to the risk. Natural disasters could also impose a shock, and decisions over savings and the number of children, and other life-cycle decisions determined before the disaster may alter decisions over the allocation of resources following the disaster.
Children can supplement depleted household resources as older children can work effectively in either agrarian or newly industrialized zones. Disasters can result in the death or disability of economically active household members, cause damage to farming land, or cause the loss of workplace -each case reduces the income and consumption stream and asset base of the household. With more children available to work or provide care to young and old in times of 5 need, the family can attempt to smooth their consumption and other life-cycle outcomes following a disaster. Thus to supplement income following a negative shock to income and asset wealth as a result of exposure to a natural disaster, there may be an increase in the number of children to ensure that the future income stream is not compromised -conditional on the child bringing great benefit to the household than cost.
In this study, three large-scale earthquakes are the focus. The earthquake in India occurred on What remains unanticipated is the magnitude of the earthquake and the exact location of the earthquake, and the timing of the event. Studies that consider the fertility response to natural disasters often account for risk (Cain 1981; Cain 1983; Cain 1986; Pörtner 2008) : the seasonality of flooding and hurricanes makes the concept of risk the key instrument. In the case of earthquakes, which are neither seasonal nor predictable in magnitude and epicenter, the concept of a shock is the dominant instrument.
In India, according to the EM-DAT data, the 2001 Gujarat earthquake was the largest recorded in terms of casualties since data are available in 1900. The second largest was in 1905 in Kangra, some 1000km north of Gujarat along the Himalya that killed 20,000 people. Gujarat is subject to seismic activity, but it is not along the Himalaya mountain range which is the region most vulnerable to seismic activity. The last large earthquake in Gujarat was in 1956, more than a 6 generation ago, when 113 people died. Thus the force of the earthquake that hit in January 2001 was unanticipated and unprecedented for the Gujarat population.
In Pakistan, the earthquake the struck in the North West Frontier was the largest on record in that country in terms of the number of people killed. The second largest earthquake by this measure was in 1935 in Quetta , 1000km south on a different mountain range to that in the North West.
The North West Frontier earthquake had its epicenter in the Himalaya Mountain Range.
Unsurprisingly, this region is subject to a lot of seismic activity. But the magnitude of the earthquake on October 8, 2005 was unprecedented in terms of lives lost. Thus while the event of an earthquake may be anticipated to some degree, the magnitude of the Kashmir earthquake had a greater effect on human lives than any experienced in this region before.
In Turkey, the Izmit earthquake was the second largest since 1900 in this country, and the largest was in Erzincan in 1939 (1000km due east of the Izmit earthquake). While there has been seismic activity around Izmit the scale of the earthquake in 1999 was unprecedented.
While each of these countries is clearly subject to seismic activity the timing, exact location, and magnitude were unanticipated, and thus I analyze the event of the earthquakes as an exogenous shock.
Fertility Following a Shock
In the US, there is evidence that following a disaster birth rates increase. Following the Okalahoma bombings Rogers, John and Coleman (2005) find that there was a positive fertility response. Given the site of this disaster, they attributed the increase in fertility to the return to traditional family values. In a developing country context, however, the increase in fertility following a disaster may be attributed to the desire to supplement income, and generate and insurance mechanism against future shocks to income and consumption. The return to family values is also a viable option in the developing country context.
Children as Insurance in Risky Environments
Pörtner (2001) writes in detail about the use of children as insurance in less developed countries.
The model developed by Pörtner (2001) incorporates uncertainty over future income, and discusses the benefit children can bring to the household as a substitute for insurance. Children can work at home or provide labor for wages, older children can provide transfers to parents, children expand family ties through marriage, and children can be "sold."
In Pörtner (2008) and Cain (1981; 1983; 1986) children are found to be used as insurance in risky environments. The decision to have extra children is based on the potential need for support during a crisis. Support from family can be relied upon to a greater extent than external assistance during a crisis as informal insurance mechanisms at the village level, and contractual agreements, may break down. The use of extended family, and not just children, is explored by Rosenzweig (1988) , who finds that in the event of a shock family ties are called upon ex post to assist in smoothing consumption.
A Positive Fertility Response in Addition to the Child Mortality Response
The fertility response to child mortality is either an insurance against expected reduction in family size (an i decision), or a replacement effect in which case additional children are born to replace those who were lost (an ex post decision).
The strike of a disaster may insight replacement effects which is consistent with the response to child mortality (Schultz 1997) , however, exposure to a disaster may change a household's preference for children through a changed perception of community spirit, or the return the traditional family values (Rogers, John and Coleman 2005) . Alternatively, the event of a disaster may insight households to supplement future household income with income from child labor to ensure life-cycle outcomes are smoothed over the lifetime of the parents and thus the demand for children increases.
In this paper, the core question explored is: Does an unanticipated random shock generated by a natural disaster instill a fertility response over and above the mortality effect?
Conceptual Framework
In this paper I analyze the effect of exposure to a large-scale earthquake on the number of children ever born, and test the hypothesis that exposure to an earthquake will have a positive effect on the number of children ever born in addition to the mortality effect.
In the following I present a model to illustrate why we would expect fertility to increase in an area affected by a natural disaster, relative to those in areas unaffected, over and above the mortality response.
Consider an individual who has utility over consumption in three periods, period 1, 2 and 3, and that utility in the period specific consumption is additively separable and marginal utility of consumption in each period is increasing at a decreasing rate. To illustrate this I adopt the log function for the felicity. Such that the individual maximizes lifetime utility,
For simplicity there is no intertemporal discounting. The individual works and earns an exogenously determined income in periods one, . In period one she will have children who provide benefit to the household consumption possibilities of amount per child but cost per child to raise. In period one, she will also save an amount and consume such as to satisfy the budget constraint in the first period of,
In period two, the individual will work for income , she will have children who cost and provide benefit w , and she will save and amount . Children from period one continue to work and provide benefit to her, but do not impose a cost of care as they are older and able to look after themselves. Savings from period one are brought into period two having earned an interest rate of r . The second period budget constraint such that,
In period three, the representative individual is dependent on the returns from decisions over the number of children and savings in the previous periods. She will have income from their second period children and savings are brought forward from the second period to cover consumption needs, such that,
Rearranging (2), (3), and (4), the utility function in (1) can be written as,
First order conditions with respect to are,
For this paper, I turn particular focus to second period fertility. Continuing with the logarithmic functional form, this implies that from the fourth first order condition in (6) that,
Assuming are fixed, can be expressed as the following function,
The comparative statics of a change in the number of children born in period two, given exogenous changes in income, asset wealth and number of children are,
Notice that fertility increases in the event of a natural disaster if the benefit from the children is higher than the cost of caring for the children. If children are costly to care for, and provide little or no contribution towards household consumption possibilities, then fertility in the second period will fall as a result of exposure to an exogenous shock that reduces income, assets and child survival.
In period two, the representative individual may be subject to a random shock -exposure to a natural disaster. As a result of being exposed to the natural disaster, her income will be lower, there will be loss of accumulated assets, and there will be child mortality. This implies that while the budget constraint in period two takes the same form as in (3), the levels of the variables will be lowered exogenously and the comparative statics in (9), (10) and (11) imply that fertility in the second period will increase.
In the next sub-sections, I discuss in detail what would motivate an individual to increase fertility following the event of a natural disaster, broadening the interpretation of the model presented in this section.
Explaining the Fertility Increase: Using Children to Smooth Consumption
Children can be a form of insurance. But we think of insurance as a financial instrument that a household would take out ex ante based on the probability of an event occurring that has a negative impact on life-cycle outcomes. The justification for children as insurance is elaborate, and even though in this paper I explore the use of children to smooth consumption as an ex post decision, the motivation for having children can translate from the risk analysis to the analysis of the response to an exogenous shock. Where formal insurance is available, individuals can make payments on a premium on a regular basis and receive a pay-out when in need to ensure that life-cycle outcomes are smoothed over an adverse shock. In the case of formal insurance, the premium paid is monetary and the pay-out is monetary. This is also the case for some informal insurance mechanisms that operate at the village level.
In the case of consumption and asset loss insurance, we can hypothesize that children can be used as a form of insurance in these cases. The premium cost is the cost of raising the child, and the pay-off comes from the children when needed. Children can supply labor when young (or adult-child labor with intergenerational transfers to elderly parents) to provide for the family unit so that the family does not rely on a sole breadwinner. Children can also provide care to their siblings, and adult children can care for elderly parents. In crude terms, the premium cost of children as insurance is different to the formal and informal insurance mechanisms that involve monetary exchange. Children are multi-use, versatile insurance, thus the cost of raising the child is the premium cost for many forms of insurance: property damage, job loss, consumption, or savings for old-age support. The cost of raising the child may be less than the sum of premiums one would pay for all the types of insurance in the formal or informal monetary insurance markets.
With the notion that children can be a mechanism for insurance, we may hypothesize that in countries or regions that have little access to monetary forms of insurance (formal or informal) then children may be utilized as a form of insurance (Pörtner 2001) . Children can be used as a form of insurance, a decision made ex ante, but the decision to have more children can also occur ex post -both with the goal of smoothing consumption over time.
Explaining the Fertility Increase: Other Possibilities
When conducting this analysis using a difference-in-difference estimation technique, one of the key issues relates to omitted variables. In the reduced form difference-in-difference estimation a positive and significant difference between treatment and control indicates that between the preand post-period an event occurred in the treatment area that induced a positive fertility response in the treatment area relative to the control area. This positive and significant fertility response in the treatment area could be due to a shock that affected the treatment but not the control group.
Alternatively, it could be due to differential trends between factors in the treatment and control groups.
In the regression analysis we control for education and mortality, consistent with the model developed above (education proxies income and assets), however, there may be other factors that change differentially between treatment and control groups between the pre-and post-periods that insights a positive and significant fertility response in the treatment area. One of the factors that may have varied differentially across treatment and control groups is access to contraception. For example, following the large-scale earthquake, contraceptive access may have become limited relative to what it was before. Thus following the earthquake, the probability of becoming pregnant may have increased. Another option is that if in the event of a high mortality earthquake, loss of a spouse may then encourage remarrying and the new couple has the desire to have children of their own. Another alternative is that there is a return to family values as a result of exposure to the earthquake and this increases a couple's preference for the number of children they desire. All of the above suggestions however are second order to the event of the disaster.
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Another possibility is that some other shock affected the treatment area relative to the control area during the same time period. There may have been a policy change in each of the three treatment areas relative to the control areas that had a positive effect on fertility. The likelihood of a policy change in the three affected regions, within the time period in this study, is, however, reasonably low given there are three treatment groups across three countries.
Another possibility is that there is some factor that is changing differentially between the treatment areas and the control areas that affects fertility. I test for the differential trend between treatment and control groups in the included independent variables, but there may be omitted variables that change differentially between treatment and control groups over time. With this is mind, results should be interpreted with caution.
Data
The data I use for this investigation is from the Demographic and Health Survey (DHS) (Demographic and Health Surveys 2005). The DHS is a nationally representative (state representative for the case of India) household survey that subsumed the World Fertility Survey.
Data are available online free of charge on request to the distributors (Macro International). The survey has been conducted over 76 developing countries since 1985, and there are repeated surveys in most of the countries. The data however are not a panel, but rather a repeated cross section. Following a particular family is not possible, and clusters change between each wave, but we can observe changes in the average behavior at the regional and country level.
To conduct the analysis for this project, I chose to focus on India, Pakistan and Turkey. These three countries satisfied two key criteria for selection: they each had a natural disaster that in terms of the number of people killed were in the global top 20 since 1990 (see Table 1) according to EM-DAT (Centre for Research on the Epidemiology of Disasters (CRED) 2008).
Secondly, DHS data were available before and after the earthquakes in each country. In this investigation, the fertility response in addition to the response to mortality is of particular interest. Thus, for there to be a mortality response, high mortality natural disasters must be the focus. The reason for requiring data before and after the natural disaster is to conduct difference- As the data for each of the countries are not a panel, we cannot observe changes in behavior at the household level and rely on changes in the regional average over time. There are a number of issues that come about because of this, each of which ameliorates the effect of the earthquake on the observed behavioral response. The response to the earthquake may not be limited to those who were directly affected by it, and thus there are spillovers into the control groups (regions other than those affected by the earthquake). If there is a response in the control group, then in the difference-in-difference estimation the change in fertility over time in the treatment group compared to the control group may appear to be smaller than what it actually is in response to the earthquake. The second issue that arises from not having a household panel survey is that outmigration following the earthquake may induce a selection bias: those household with preferences for large families before the earthquake remain in the treatment area and those with smaller families have the capability to move away from the affected region. This then means that when the post earthquake data are observed the regional average family size for the affected area is larger as the smaller families moved away from the treatment area. To control for this in a robustness check, the sample is limited to respondents who have never moved. The third issue to recognize is the dampening effects emergency foreign aid may have on a household's behavioral response. While this is a welcome response for those people affected by the disaster, it distorts household decisions that may include a fertility response.
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Identification
For this investigation, to observe changes in fertility preferences following the event of exposure to a large-scale natural disaster a difference-in-difference estimation technique is used. The change in the difference between treatment and control averages is identified using this strategy.
With adequate control variables, we can attribute any change in the difference between treatment and control groups to the shock (that is, the earthquakes) experienced by the treatment groups.
As the dataset was not generated for the specific purpose of analyzing the fertility response to the earthquakes 3 other variables must be controlled for to isolate other factors that may have changed differentially between the treatment and control groups over time. In addition to controlling for these variables (education of the mother and father, age at first birth, age of the mother, urban/rural place of residence, number of children who have died), a robustness check is also conducted. These controls are interacted with the difference-in-difference dummy variables to see if there is a placebo response and differences in fertility may be generated by differences in another variable (e.g. education of the mother) that is different over time across the treatment and control group.
Equation for Estimation
From equation (8), the number of children born is a function of income, assets, the number of children who survived from the previous period, and a contemporaneous residual. An exogenous shock, that is the event of an earthquake, will reduce income, assets and the number of children and increase the number of children born after the earthquake as illustrated in (9), (10), and (11).
To analyze the effect of the shock on the number of children born, consider the difference-indifference approach where the difference across time between the treatment and control groups is compared.
3 Indeed, if the earthquake is a random unanticipated shock conducting a purpose built survey would imply that this assumption is violated as the location and timing of the earthquake would be known to the survey designers. (Schultz 1997) . Income and assets are proxied for using education of the husband. There are other socio-economic factors that we may expect to affect the number of children a woman has. Women who have attained higher levels of education may have fewer children as the opportunity cost of having an extra child may be higher if she is earning a skilled wage in the workforce (other reasons as well such as a greater understanding of reproductive health if she has access and the capability to read information, moreover if she is educated she may value her children's education and thus employ the quality/quantity tradeoff with fewer more highly educated children). Living in an urban area, may imply fewer children ever born as space may be limited and childcare more difficult compared to a rural setting where the work (on the farm) and childcare duties can be conducted jointly. In addition to these socio-economic variables, demographic variables such as the age of the mother and the mother's age at first birth are controlled for.
In conducting a difference-in-difference estimation, we may be concerned that other factors may change differentially between the treatment and control groups over time. In which case, it would be these other factors driving the results of interest, and not the exogenous shock of the earthquake. To control for this, the difference-in-difference dummies are interacted with the control variables that vary across time to test whether these variables vary differential in treatment and control area. In this case, the following equation is estimated, 
The irt x is either the number of children born, education of the mother, age of the mother, age at first birth, urban, or the education of the father. If coefficient 12
 is significant, then this implies that that particular variable changes differentially between the treatment and control groups over time, and this would contaminate the estimated coefficient of 3
The a list of control variables, including regional fixed effects, can never be definitive, and thus the risk of omitted variables means that the difference-in-difference parameter is picking up another factor that changed differentially between treatment and control groups over the same period. To rule out this possibility, a further test is conducted. The core regression in equation (12) is run for a randomly selected group of regions (one region per country) to be the treatment groups and the remainder to be the control groups.
Results
In Table 2 the pre-shock summary by treatment status statistics are presented. In the total sample across the three countries, we see that before each country's respective earthquake, the average age of the respondent was 31 years. The average number of children who died per woman is 0.36 on average, but with the stratification by urban/rural we see that the number of children who died per woman is 0.42 in rural areas and 0.24 in urban areas. The average number of years of 18 education of the women surveyed is 3.9 years. In rural areas it is lower at 2.6 years on average and in urban areas it is 6.2 years. The education of the husband is higher than that of the women on average, with 6.4 years as the total average, and 5.3 years in rural areas and 8.5 years in urban areas. The age at first birth is 19.3 years on average.
The pre-shock summary statistics for each of the countries is reported in Table 2 . For many of the variables there is a significant difference between the treatment and control groups. These variables are controlled for in the regression analysis, and thus differences in variables in the predisaster period (and any subsequent difference in the changes over time) are accounted for.
Variation in the pre-shock summary statistics may raise doubt with regard to what the differencein-difference dummies are picking up. Changes in education, age at first birth, or other time varying factors that may change differentially between the treatment and control groups may contaminate the effect of the earthquake on the number of children born. To check this concern, in Table 5 time variant variables are interacted with the difference-in-difference dummy variables. Further discussion on this is to follow, but the results indicate that there were no differential changes in education, age, age at first birth, father's education and urban living, between the treatment and control groups. Thus while the treatment and control groups many differ over some of the control variables in the pre-shock period (as shown in Table 2 ), these socio-economic and demographic factors do not change differentially over the treatment and control groups over time.
In Table 3 the difference-in-difference reduced form estimation results of the impact of the earthquake on the number of children ever born are presented. In the first set of reduced form regressions (the total sample), the results indicate that the average number of children born to a woman has declined over time in both the treatment and control groups. However, in the total sample, we see that the decline in the number of children is greater in the control group than in the treatment group.
The positive difference-in-difference coefficient in the reduced form regression analysis in Table   3 implies that some factor (potentially the earthquake, but without sufficient controls we cannot 19 yet make this assertion) has had a positive effect on fertility so that the difference between the treatment and control has widened over time.
In Table 4a and Table 4b the main regression results are presented. Regional fixed effects are controlled for in each of the regressions. Observing the coefficient on 'post' the regression results indicate that the number of children ever born has declined between the two periods. With the full controls in column (8) of Table 4a we see that the total number of children born is higher in the treatment group. In column (8), we also see that even after controlling for other explanatory variables, the event of the earthquakes in the three countries has had a positive effect on the average total number of children in the treatment group compared to the control group (coefficient on post*near is 0.08). If we feel confident that sufficient controls have been included in the regression analysis, and we can attribute any remaining change in the number of children born to the event of the earthquake, then the coefficient of 0.08 indicates that the earthquakes had a positive and significant effect on the number of children ever born, albeit it a modest marginal effect. Viewing across columns in Table 4 , we see that the introduction of each control lowers the marginal effect on the post*near variable.
The controls are all highly significant. The number of children who have died has a positive effect on the number of children born consistent with replacement theory. In column (8) with full controls, we see that this marginal effect of 0.8 implies that replacement is slightly less than one for one. The age of the mother has a positive effect on the number of children ever born, with a coefficient of around 0.1 this indicates that over a 30 year fertile life (age 15-45) a woman would have 3 children if age were the only factor influencing fertility. The number of years of schooling of the mother has a negative effect on the number of children ever born. Fewer children are born in urban areas. The coefficient on father's education is negative. If father's education adequately proxies household income, then the decline in income leading to an increase in fertility is consistent with the theory.
In this investigation, one of the key insights is to isolate a fertility response to the earthquake that is additional to a mortality effect. Thus, to ensure that the mortality response does not change differentially over the treatment and control groups, the number of children who have died is 20 interacted with the difference-in-difference variables. In column (8) with the full set of controls we see that the marginal effect of number of children who have died is not different across the treatment and control groups over time.
In Table 4b , column (8) from Table 4a is presented again to serve as a point of reference. In columns (9), (11) and (12), the results for the individual countries are presented. From column (9) we see that in India there was no differential fertility response in Gujarat relative to the rest of India following the earthquake in Gujarat. In Pakistan (column (11)) and in Turkey (column (12)), however, we see that there was a positive fertility response following the event of the earthquake in addition to the response to child mortality. For both countries, the response to child mortality is close to one (0.77 children for every child who died in Pakistan, and one for one in Turkey) and that in the treatment areas there was a positive fertility response in addition to the mortality response of around 0.2 children.
In the whole sample (column (8)) we may be concerned that the differential fertility response is driven by migration effects. For example, following a disaster, it may be that individuals with smaller families have a higher propensity to move away from the affected region than larger families. Quite simply, smaller families take up less space, and friends and relatives in other parts of the country are more easily able to assist a smaller family than a larger one. To overcome this issue using the DHS, I utilize information on the length of time the respondent has been living in the same village or city. With a sample of individuals who have always lived in the same village or city, I run the same analysis as that in column (8). As data on length of stay in the same village or city does not exist for Pakistan, the analysis is conducted for India (column (10)) and Turkey (column (13)). This restriction of the sample, however, is not a perfect control for migration. Individuals who moved as a result of the earthquake are excluded from the sample. The benefit of this sample restriction however, is that we are comparing like with like across treatment and control and within this sub-sample migration is not an issue.
Taking Turkey as the example, column (13), we see that for the sample of individuals who have always lived in the same place, there is a positive fertility response in addition to the fertility response to mortality. The coefficient measuring this response, post*near, is larger for the sample 21 that has never moved than for the whole sample (0.214 in column (12) for the whole sample, compared to 0.293 in column (13) for the sample who have never moved).
In Table 4a and Table 4b the potential for differential effects of the number of children who have died over the treatment and control groups over time were ruled out (insignificance of post*near*dead in columns (7) and (8). The same concern may exist for other control variables.
In Table 5 time variant variables are interacted with the difference-in-difference dummy variables. We see that for each of the control variables interacted with the difference-indifference dummy variables that none of the variables change differentially between the treatment and control groups over time.
In the difference-in-difference estimation, the regions that are affected by the three earthquakes are assigned as the treatment groups, and other regions are control groups. After taking into account various control variables, education of the mother and father and age at first birth for example, differences in the number of children born between the two regions is attributed to the incidence of the earthquake. The incidence of the earthquake in the treatment areas is unique to those treatment regions, and the resultant fertility response exhibited as a result of being exposed to the earthquake should be unique. If, for example, the treatment region is randomly assigned to any region (other than the true treatment region) then we should not observe a differential fertility response in that region relative to the remaining regions. In Figure 1 , the t-statistics of the post*near variable are given for all the regressions with every possible combination of "treatment" regions. In 19 percent of the regressions, the co-efficient on post*near is statistically significant at the 5 percent level. Thus with 81 percent confidence, the regression analysis reported in Table 4a and Table 4b , can be attributed to the incidence of the earthquakes in Gujarat, North West Frontier and Izmit.
Discussion and Conclusion
In this paper I have explored the hypothesis that there is a positive fertility response to exposure to natural disasters in addition to the child mortality response. Children can be used to smooth consumption over time. Once children have grown they can work to supplement the income of the main breadwinner, they can provide care to siblings, and when older they can make intergenerational transfers to their elderly parents and provide them with care. The event of an earthquake can make individuals exposed to the disaster realize the vulnerability of their lifecycle outcomes, and they can elect to increase their family size as a mechanism to smooth consumption over time. If indeed this is the reason for the increase in children, then the parents are not myopic in their decision making. The children must mature and reach an age (around seven) when they can be relied on to provide for the family unit in some way.
The results found in this paper, that is the increase in fertility following a negative shock to income, assets and child survival, are consistent with other studies of exogenous shocks (Rosenzweig 1988; Rogers, John and Coleman 2005) , but inconsistent with others Pörtner (2008) . The role of children as an insurance mechanism in an environment subject to risk and uncertainty over income and consumption is well explored as discussed above. The use of children to smooth consumption following an exogenous negative shock is consistent with this insurance literature -only that the decision to have children is ex post rather than ex ante.
In this paper, I found the fertility response to exposure to natural disasters to be positive and significant. This response is additional to the response to child mortality -the well known replacement effect. In the data, we observe a positive response to child mortality just under a one-for-one replacement, and in areas affected by the earthquake there is an additional positive fertility response. If we are convinced that there are adequate controls in the regression analysis with regional fixed effects and other socio-economic and demographic variables influencing the number of children born to a woman, then the results suggest that exposure to an earthquake does induce a positive fertility response over and above the mortality response.
Using data that is not purposefully built for the question at hand will always introduce irregularities into the analysis. The timing of the response is an issue that I have not been able to properly reconcile. Each of the three disasters occur within a different lead and lag to the before and after surveys. While discounting the years following the disaster may be one approach, the degree of discounting is unknown and thus has been excluded. The second issue that cannot be properly dealt with in this data set is that of migration. In the robustness checks the sample is 23 restricted to people who have never moved, but this does not capture individuals who moved as a result of the disaster.
The rise in fertility following exposure to a natural disaster found in this paper, coupled with results found by Baez and Santos (2007) , which indicates that childhood outcomes over education, nutrition, and child labor worsen, implies that there will be more children under relatively worse conditions following the event of the disaster. With lower investments in children following a disaster, this may weaken the capability of using children as an insurance mechanism over the long run. With lower education attainment following the disaster (Baez and Santos 2007) , for example, the children will grow up to earn a lower wage. Thus their income earning capabilities will be lower, and if the children were had with the idea of supporting the family or supplementing the main breadwinner then the probability of achieving this goal is lower. The results imply that helping communities subject to natural disasters to gain access to alternative forms of insurance could have positive implications for childhood outcomes. Source: EM-DAT, http://www.emdat.be/ 191,910 R -s q u a r e d 0 . 0 3 0 . 3 2 0 . 5 4 0 . 5 9 0 . 6 1 0 . 5 9 0 . 5 9 0 . 5 9
Notes:
Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 Post is the year after the earthquake; near is the region in which the earthquake occurred. Clusters are unique across countries and within countries across years.
Regions are unique within a country and consistent across time within a country. Regional fixed effects are controlled for in each regression. Clusting of the standard errors at the cluster level. 
Regions are unique within a country and consistent across time within a country. Regional fixed effects are controlled for in each regression. Clusting of the standard errors at the cluster level.
